Abstract Previous research suggests that facial-width-to-height ratio (FWHR) predicts aggression, unethical behavior, and non-reciprocity of trust. One limitation of this research is that all samples originate from western countries. To overcome this limitation, the present study investigates the relationship between FWHR and performance among association football athletes involved in the 2010 World Cup representing 32 countries. Results indicated that across all 32 countries, the associations between FWHR and athletic performance varied depending on position. FWHR positively predicted fouls within midfielders and forwards, and goals and assists within forwards.
countries competing in the 2010 World Cup. We hypothesized that FWHR would be positively related to the number fouls committed, assists, and goals scored by association football players. Additionally, it was important to examine several possible covariates and determinants of these effects, including height, weight, and player position. Because the current study operationalized success in performance as goals and assists, it is important to also focus on the associations FWHR had with these outcomes within positions whose purpose is to score these goals.
Methods
Facial photographs and gameplay data of association football players from the 32 countries competing in the 2010 FIFA world cup finals and qualifying competitions (N=1,075) were obtained from the ESPN website (http://espnfc.com/) between the dates of September 20, 2013 and November 29, 2013 . These data contained player statistics from the squads of the 32 nations competing in the 2010 World Cup throughout their international association football careers from 1998 to 2013. These games also included previous world cup tournaments, world cup qualifiers, games and qualifiers from non-World cup tournaments, and exhibition games. The total players included each squad's 23 players competing in the 2010 World Cup Finals and players that competed in the preceding World Cup qualifying tournaments. The thirty-two national teams used in the data analyses are presented in Fig. 1 .
Similar to other studies (e.g., Carré and McCormick 2008) , goalkeepers (N=124) were removed from the analysis due to having a low, restricted range of total fouls committed (M=2.23, SD=3.06, 45.5 % committed 0 total fouls) compared to other players (M=146.76, SD=145.29, 7.5 % committed 0 total fouls). Of the remaining athletes, 41 others either did not have data from games played, no statistics available, or no available pictures. The remaining data was comprised of 910 athletes.
We obtained photographs of the athletes available from the ESPN website with the athletes looking at the camera. If photographs were not available on the ESPN website or featured athletes not looking directly at the camera and holding a neutral expression, Fig. 1 World map of countries included in the data analyses we used internet search engines to find pictures where the athletes were looking as directly at the camera and as close to a neutral emotional expression as possible. With the exception of four cases, researchers found photographs from internet searches that were superior for the measurement of FWHR compared to the ESPN website. Each athlete's FWHR was measured by two out of three trained researchers using ImageJ software, an open-access image measurement software provided by the National Institute of Health (http://rsweb.nih.gov/ij/). Researchers were not aware of the subjects' actual athletic data or each others' measurements when measuring the faces. Measurement consistency was very high for FWHR (rs≥.87, Cronbach's αs≥.93), and measurements were averaged into one index of FWHR for each athlete.
Player Statistics We assessed total fouls committed by players (which do not include offside offenses; FIFA 2013/2014) across all years available, along with yellow cards (broadly speaking, sanctions serving as a warning or temporary suspension, e.g., delaying the restart of play) and red cards (sanctions for more serious offenses, broadly speaking, e.g., violent conduct, serious foul play), and total scored goals. All player statistics were totaled across all available years to form aggregates for each player. Player weight and height were also used as covariates in all analyses, based on reports that athletes' weight (Deaner et al. 2012; Mayew 2013) can attenuate the relationship between FWHR and aggression and that height is associated with fouls, particularly due to referee bias (van Quaquebeke and Giessner 2010) . Because the amount of fouls suffered by players may be indicative of experiencing more aggressiveness, rather than engaging in aggressive behavior, fouls suffered was also included as a covariate. Additionally, the total number of games played was used as a covariate and was calculated by summing players' total games started and total times used as a substitute.
Player Position We also used player position (coded 1 = defender, 2 = midfielder, 3 = forward) as an additional covariate. Given that we examined success in performance as a function of goals and assists, it was important to also examine the associations FWHR had with these outcomes within each of the three positions in our data. In association football, defenders are primarily focused on providing support and preventing the opposition from scoring goals. Midfielders often have the duty of maintaining control of the ball and providing the ball to the forwards, who are charged with scoring goals and allowing other players to score goals ("Positions Guide," 2014). Thus, it is important to specifically examine the associations between FWHR with goals and assists within forwards, who are primarily charged with accomplishing these outcomes.
Analytic Strategy
Our dependent variables were highly skewed with floor effects due to most players not having committed any fouls or scored goals in the data. Additionally, the data used a 2-level hierarchical structure, with players nested within teams, except when teams were analyzed individually. Because of this, analyses were conducted using multilevel generalized estimating equations (GEE; Liang and Zeger 1986) with a negative binomial distribution and a robust estimator covariance. The multilevel structure of this analysis accounted for the interdependence of the nested structure of the data, which can inflate type I error rates (O'Connell and McCoach 2008) , and the negative binomial distribution served to accurately estimate the highly skewed outcome variables (Hilbe 2007) .
Results
Descriptive statistics for the study variables are presented in Table 1 . To examine if FWHR predicted fouls committed and goals across all teams, we conducted multilevel generalized estimating equation analyses with a negative binomial distribution, which is a superior method of accounting for the effects because it accounts for skewness and interdependence. Intraclass correlations coefficients (determined from null, intercepts-only multilevel models) for fouls committed (ICC=.38), assists (ICC=.30) and goals scored (ICC=.09) indicated the presence of interdependence, justifying our use of nested models. We also examined the relationship between FWHR, goals assists, and fouls by position. The results of these analyses are presented in Tables 2. Visual assessment of the data through scatterplots revealed two multivariate outliers. Excluding these cases from the analyses did not change the significance of any reported effects.
Fouls Committed
Across all countries, FWHR only had a marginally significant association with fouls committed (B=.291, 95 % CI: [−.040, .622], p=.085). When these effects were examined separately for defenders, midfielders, and forwards, the relationship between FWHR and fouls were in a negative, nonsignificant direction in defenders (B=−. Based on previous work modeling the effects of FWHR on athletic behaviors (e.g., Goetz et al. 2013 , Study 2), we also examined our analyses with dependent outcomes of fouls, goals, and assists per game. The multilevel negative binomial analyses could not function with noninteger data. Thus, we multiplied players' goals, fouls, and assists per game by 100 and rounded all values to the nearest integer. Because we were dividing fouls by the number of games played, total games played was dropped as a covariate. These analyses indicated a similar pattern of results with diminished significance in FWHR and with the largest, positive effects occurring in forwards (See supplemental materials). However, it is important to note that statistical simulation studies (e.g., Tu et al. 2005; Vickers 2001 ) have found that fraction-based estimates (e.g., fouls divided by games played) have reduced statistical power compared to using covariates (e.g., controlling for games played). Although these simulation studies were primarily used to make conclusions about ideal assessments of change (using various measures of change vs. controlling for baseline values), the statistical implications are the same. Moreover, determining whether a criterion is examined by controlling for a baseline value or dividing by a baseline value is mathematically equivalent to determining whether or not to control for the number of games played in our study or to calculate fouls, goals, and assists per game. Future researchers examining athletic outcomes may also find stronger statistical power in athletic data by examining raw scores controlling for games played, rather than dividing by the number of games played.
We also examined whether height or weight moderated the association between FWHR and fouls committed across all players using moderated multilevel GEE. Neither weight (B=.013, 95 % CI: [−.030, .056], p=.553) nor height (B=−2.309, 95 % CI: [−6.552, 1.934], p=.286) moderated the association between FWHR and fouls. When the data as split up by player position, these interactions remained nonsignificant (ps≥.221) with one exception: There was a marginally significant FWHR X weight interaction within forwards (B=.102, 95 % CI: [−.002, .207], p=.055). Decomposing this interaction revealed that forwards' FWHR was associated with fouls when their weight was high (+1 SD, B=1.614, SE=.512, p=.002), not low (−1 SD, B=.241, SE=.466, p=.606).
Some researchers have found that body-mass index (BMI) is also an important correlate of FWHR (Coetzee et al. 2010) . Based on this research, we also conducted alternate analyses with BMI as a covariate instead of weight. Using BMI as a covariate in place of weight did not alter the significance of any reported findings in this paper.
Discussion
Across player data from 32 association football teams and six continents, FWHR was positively related to fouls committed and goals scored. The association FWHR had with fouls committed was particularly pronounced in midfielders and forwards. This research suggests that the relationship FWHR has with aggression and player performance can be found in a multinational sample. Additionally, FWHR was predictive of achieved goals and assists within forwards. This finding is particularly important, as existing research on FWHR and behavior has overwhelmingly occurred in western samples.
The relationship FWHR has with goals scored indicates that although high FWHR athletes are more likely to commit fouls, they are also more likely to be successful in competition. This finding suggests that although high FWHR men are more aggressive and likely to cheat, they are also more likely to succeed in competition (e.g., Alrajih, and Ward 2013; Wong et al. 2011; Tsujimura & Banissey 2013) or possess traits that facilitate success in competition (e.g., Lewis et al. 2012; Stirrat and Perrett 2012) . Thus, the increased propensity for high FWHR men to succeed in competitions is an upside to the increased aggressiveness and cheating behaviors found in wider faced men.
An alternative explanation for the present finding is that a player's reputation may influence referee's judgment of whether a foul was committed (Jones et al. 2002) . Multiple studies have demonstrated that FWHR is related to personality judgments made by others (e.g., Carré et al. 2009; Haselhuhn, Wong, and Ormiston, 2013; Stirrat and Perrett 2010) thus it is plausible that a referee's judgment could have been influenced by this bias. However, this argument does not apply to the relationship found between FWHR and goals scored since referee judgment is minimally involved.
While somewhat speculative, the results found for goals scored are consistent with the hypothesis that FWHR is a marker of pubertal testosterone exposure (Carré and McCormick 2008; Verdonck et al. 1999) . To the extent that the organizational effects of testosterone exposure affect sensorimotor performance (see e.g. Falter, Arroyo, and Davis, 2006 ; but see Rahman et al., 2004) , which likely enhance a player's skill, one would expect FWHR to map onto player performance. Additionally, a recent study found that FWHR was positively associated with both basal and testosterone reactivity (Lefevre et al. 2013) . Thus any direct effects of testosterone on performance may have been captured by FWHR. Future research that directly tests the testosteroneorganizational hypothesis by administering spatial cognition tasks (e.g., mental rotation, targeting, etc.) is needed.
One limitation of the current research is that the number of fouls committed is not a direct indicator of aggressive behavior on the field. Fouls are often given in response to successful and attempted acts of aggression, such as tripping, kicking, strikes, pushes, charging, spitting. However, nonaggressive acts such as holding an opponent or handling of the ball by non-goalkeepers can also result in fouls. Thus, fouls may also be a more direct indicator of unethical and cheating behavior rather than overt aggression in association football. Additionally, fouls are subject to the judgment of a referee and may be given in cases where cheating behavior did not occur, or not given in situations when the referee did not witness actual cheating or aggressive behavior that occurred. Additionally, previous work has identified characteristics that bias the judgments of referees in association football, such as height (van Quaquebeke and Giessner 2010), team reputation (Jones et al. 2002) , uniform color (Frank and Gilovich 1988; Tiryaki 2005) , previous fouls (Plessner and Betsch 2001) , or crowd noise (Nevill et al. 2002 ). An additional limitation of the current research is that we could not examine the type of game that was played (i.e., "exhibition match vs. world cup qualifying match). It is possible that the type of game played would influence the amount of fouls individuals engage in.
Of additional interest is the magnitude of the associations of FWHR with behavior and personality traits. The current research uses a multilevel structure to reduce the type 1 errors created by interdependence. However, work in multilevel modeling and effect sizes is preliminary and there is no consensus as to which effect sizes are most appropriate (Peugh 2010 ). This problem is further compounded by the fact that existing multilevel effect sizes are not directly comparable to other parametric effect size estimates commonly used in meta-analyses (Peugh 2010) . Given that some researchers have reported moderate to large correlations between FWHR and aggression in men (e.g., rs from to.30 to .54 in Carré and McCormick 2008; Carré et al. 2009 ) whereas other more recent studies have found smaller effect sizes when including important covariates such as weight (e.g., r=.09, Deaner et al. 2012) , future researchers may benefit from assuming a small to moderate effect size between FWHR and relevant behaviors exists when taking into account relevant covariates. Recent research also indicates that social status moderates the association between FWHR and aggression, assertiveness, and risk taking in humans and non-human primates (Goetz et al. 2013; Carré 2014; Welker et al. 2014) . Thus, the relationship FWHR has with aggression and performance may be dependent on social status, which may help explain the diminished effect sizes and nonsignificant psychological and behavioral correlations with FWHR reported by some researchers.
In addition to investigating the cultural invariance of the associations between FWHR and behavior, establishing biological mechanisms for these associations is a priority. Because facial structure is related to testosterone in adolescence (Verdonck et al. 1999 ) and has been argued by some to be a sexually dimorphic predictor of aggressiveness (Weston et al. 2007 ), future researchers should investigate developmental and hormonal mechanisms that may underlie the relationship between facial structure, success in competitions, and antisocial behavior. FWHR is thought to indicate sexual selection for traits indicating greater success in intermale competition (Weston et al. 2007 ). Further examinations of behavioral and personality correlates of facial structure in worldwide samples will help further determine whether facial structure is an evolutionarily-derived indicator of fitness and intermale competition success in men.
